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Abstract 
We describe a low power, easy to use and portable device for measuring the electrochemical impedance of different types of 
biosensors. The measurement technique is based on the direct synthesis of sinusoidal signals followed by a discrete time Fourier 
transform analysis, carried out by an integrated electronic stage that excites and collects the response from the sample. This kind 
of technique provides very good signal to noise ratio, high sensibility to small variations in the sensor impedance and high 
accuracy and reliability.  
The device was tested studying the sensor response at different frequencies of a gold microelectrode, fabricated through a 
combination of soft lithography tools, capable of monitoring the antibody-antigen concentration for the Interleukin 10 (IL-10). 
Our custom design makes possible extending the current range down to the pA, with accuracy better than 1%, and optimizing the 
power consumption to reach figures under 150 PW per measurement. 
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1. Introduction 
The need of accurate electrical measurements in fields as biology, medicine and nanoscience encourage the 
development and research of new integrated instrumentation systems for low level signal [1-4]. In many of these 
applications, impedance based techniques, which involve exciting the device under test (DUT) electrodes with a 
potential (E), a reference electrode (R) and a monitoring electrode which measures the resulting current (I) flowing 
through the system, are usually used. In non-static applications, the applied potential E is varied and the current I 
need to be monitored over time (t). Thus, these techniques can be described as some function of E, I and t. 
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Fig. 1. (a) Block diagram of the acquisition electronics with the main components identified in every block. (b) Schematic of the amplification 
stages of the excitation signal and the response signal using just one LPC662 chip. 
 
Analytical chemists routinely use such techniques for the quantitative determination of a variety of dissolved 
inorganic and organic substance, including fundamental studies of oxidation and reduction processes in various 
media, adsorption processes on surfaces, electron transfer and reaction mechanisms, kinetics of electron transfer 
processes, and transport, thermodynamic properties, etc [5]. The electrochemical current levels in such kind of 
sensor applications are in the range of PA to pA.  
In this work we focus on electrochemical impedance measurements, which are frequently used in biosensing. 
Here, the sensing unit was based on a multianalyte immunosensor with impedimetric signal transduction. The 
biosensor was fabricated using gold microelectrodes through a combination of soft lithography tools such as 
microcontact printing self-assembled monolayers and replica molding [6]. Thus, the here-presented acquisition 
electronics will be responsible of the generation of the sensor’s excitation signal and the acquisition of the sensor 
response, to quantify the sensor impedance at different operation frequencies. 
A few techniques are available for impedance measurements including methods using frequency response 
analyzers or lock-in amplifiers [7]. The option chosen here was to generate a pure sinusoidal signal at a well-known 
frequency to excite the sensor and collect its response. This response signal is acquired, filtered, amplified, 
digitalized and processed by the embedded microcontroller. Signal processing consists of a discrete time Fourier 
transform using a Fast Fourier Transform (FFT) algorithm, for the sake of computational efficiency. Processing a 
pure sinusoidal signal would result in one single frequency peak, which can be easily distinguished from white noise 
(or any computer-generated pseudorandom white noise) contributions. Thus, the whole system will act as a very 
sharp, frequency centered, digital filter.  In summary, the advantages of the FFT algorithm implementation are:  
i) very good relationship between signal and noise 
ii) high sensitivity to very small variations in the concentration of biomarkers, and finally 
iii) high speed and measurement thoughput. 
2. Description of the measurement set up 
The set up for the measurement of such kind of sensors consist of the acquisition electronics and the sensing 
chamber.  
Figure 1.a shows a block diagram of the acquisition electronics with some references to the most important 
components involved. The acquisition electronics was based on a 32 bit 80 MHz, 1.56DMIPS/MHz, M4K core with 
5 stage pipeline, Harvard architecture microcontroller. This device was directly connected to an AD9833, a low 
power, programmable waveform generator that can generate a sinusoidal signal (from tens of mHz up to 1MHz). 
This signal was amplified, filtered and used to excite the sensor. 
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The response of the sensor was acquired by the microcontroller via its 10 bits-analog-to-digital converter (ADC) 
after amplification; just using an operational amplifier that operating in non-inverter mode. The selected amplifier 
features wide range of operating voltages, rail-to-rail output swing in addition to output common-mode range that 
includes ground. It also has very low offset voltage (up to 3 mV), very low input bias current (2 fA), and high 
voltage gain (up to 120 dB). Figure 1.b shows the amplifier configuration. In non-inverting transimpedance amplifier 
configuration, the gain just depends on the sensor impedance and the value of the reference resistor. It is important to 
note that the package of the LPC662 includes two operational amplifiers. It means that with one chip we excite and 
sense the sensor. 
The sensing chamber consists of an adjustable Teflon box with two electrodes (made of Pt and Au, respectively) 
to access the DUT impedance.  
3. Comparison with state of the art   
There exist in the market similar integrated devices with features similar to our system. In particular, the 
AD5933/4 system-on-chip follows a similar strategy of measurement [8]. Table I compares this commercial device 
with our prototype. These devices operate from 1KHz to 100KHz with current levels from 200mA to 2nA and 
accuracy values around 5% (in the default configuration) consuming around 750PW per measurement. In spite of 
the many advantages for this chip, it is unsuitable for certain applications, requiring the control of lower current 
levels (i.e. biosensors, nanodevices), more accuracy and more moderate power consumption. The advantage of these 
devices in front of our design is mainly the size and the fact of being a close design, which permits a rapid 
prototyping. In contrast, our design is more customizable, presents a much wider bandwidth and can be adapted to 
different measurement approach just changing the implemented firmware.  
 
Table I. Comparative study between a comercial system-on-chip and our design in terms of  
consumption (per measurement), frequency range, measurement accuracy and customizability 
 AD5933/4 Our design 
Consumption 750 PWatts 150 PWatts 
Freq. Range 1KHz -100KHz 10mHz -1MHz 
Accuracy 5% 0,5 - 2% 
Customizability moderate high 
 
4. Measurement example: The detection of the Interleukin 10  
Eight different working frequencies were generated by our system: 20 Hz, 50 Hz, 100 Hz, 200 Hz, 500 Hz, 1 
KHz, 2 KHz and 5 KHz. The peak-to-peak amplitude was 0.5V with an offset of 0.25V to operate with positive 
voltages. The experiment was prepared to monitor an anti-inflammatory cytokine: the Interleukin 10 (IL-10) also 
known as human cytokine synthesis inhibitory factor (CSIF). This is an anti-inflammatory cytokine with an 
important role in modulating the anti-inflammatory processes in several diseases [9]. The response of the biosensor 
modified with IL-10 mAb to human IL-10 protein were monitored at the eight different frequencies. The 
measurement buffer was a Ferricianate 5 mM(Fe(II)/Fe(III)) solution, where three different concentrations of IL-10 
were added: 0.5, 5.0 and 50.0 pgr/μL. Figure 2 shows the measured impedance signal, represented by the 
normalized intensity of the FFT frequency peak, as a function of the working frequency for the three different 
concentrations (reference Ferricianate measurements were also included).  
 
The trends shows an initial decrease of the sensor impedance when 0.5pg/Pl were added to the reference solution. 
As the concentration of IL-10 increases, the sensor impedance also increases until recovering the initial reference 
value when the response is saturated. In fact, the evolution of the response with the logarithm of the IL-10 
concentration is linear, at least for the analyzed range of concentrations selected. These results correlates with other 
works [10, 11], but an in deep analysis must be done to corroborate this evolution. Concerning the frequency 
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response, two different behaviors were observed frequencies up to and over 50 Hz. In the higher frequency range, 
the optimum measurement frequency, which displays the maximum and more linear signal variation, is 500Hz.  
Fig. 2 (a) Evolution of the sensor impedance, measured as the normalized FFT peak signal intensity, as a function of the different working 
frequencies (from 20 Hz to 5KHz) for three different IL-10 concentration: 0.5 pg/Pl (red circle), 5.0pg/Pl (green up triangle) and 50.0pg/Pl (blue 
dpwn triangle).  (b) Summary of the sensor responses, calculated as the relative change of the sensor impedance compared to the initial reference 
value. 
5. Conclusions 
In this paper we present a portable electronic board for the measurement of the impedance of many types of 
electrochemical sensors. The system can generate a sinusoidal signal (from tens of mHz up to 1MHz), which is then 
amplified, filtered and used to excite the sample/sensor. The changes in this signal are monitored by the 
microcontroller. The digitalized response signal is processed using the discrete Fourier transform implemented with 
the FFT algorithm in the microcontroller. Such, analysis permits to measure the real and imaginary part from the 
impedance, the modulus and the phase. We have compared our design with some existing commercial systems-on-
chip (AD5933/4) that follow similar strategies of measurement. Our readout electronics was tested using a biosensor 
for the well-known Interleukin-10 (IL-10) demonstrating that our portable device can be used for field test, 
providing the necessary accuracy that demand these kind of experiments for detecting changes in the sensor dinamic 
range. 
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